EP 4 029 435 B1

Patent Office

(1 9) ’ e "llmlmllHH||m||m|‘|H||H|Hl‘l‘lml‘lllml‘lml""H‘mll‘
Patentamt
0 European

Office européen
des brevets (11) EP 4 029 435 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) International Patent Classification (IPC):
of the grant of the patent: A61B 5/022 (2006.01) A61B 5/0225(2006.01)
01.05.2024 Bulletin 2024/18 A61B 5/021 (200507
(21) Application number: 21151839.4 (52) Cooperative Patent Classification (CPC):
A61B 5/02225; A61B 5/02108; A61B 5/022;
(22) Date of filing: 15.01.2021 A61B 5/0225

(54) BLOOD PRESSURE MONITORING DEVICE AND METHOD FOR ADAPTIVE BLOOD PRESSURE
MONITORING

BLUTDRUCKUBERWACHUNGSVORRICHTUNG UND VERFAHREN ZUR ADAPTIVEN
BLUTDRUCKUBERWACHUNG

DISPOSITIF DE SURVEILLANCE DE LA PRESSION SANGUINE ET PROCEDE DE SURVEILLANCE
ADAPTATIVE DE LA PRESSION SANGUINE

(84) Designated Contracting States: (74) Representative: Hersina, Giinter
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB Schoppe, Zimmermann, Stockeler
GRHRHUIEISITLILT LULV MC MK MT NL NO Zinkler, Schenk & Partner mbB
PL PT RO RS SE SI SK SM TR Patentanwilte

Radlkoferstrasse 2

(43) Date of publication of application: 81373 Miinchen (DE)

20.07.2022 Bulletin 2022/29
(56) References cited:

(73) Proprietor: Infineon Technologies AG US-A- 4 846 189 US-A1-2014 012 147
85579 Neubiberg (DE) US-A1- 2014 296 757
(72) Inventors: * DING XIAORONG ET AL: "A flexible
* Fusco, Alessandra tonoarteriography-based body sensor network
80799 Miinchen (DE) for cuffless measurement of arterial blood
¢ Kollias, Athanasios pressure”, 2015 IEEE 12TH INTERNATIONAL
81737 Miinchen (DE) CONFERENCE ON WEARABLE AND
¢ Poenaru, llie IMPLANTABLE BODY SENSOR NETWORKS
85653 Goeggenhofen/Aying (DE) (BSN), IEEE, 9 June 2015 (2015-06-09), pages 1-4,
» Stadler, Michael XP032795078, DOI: 10.1109/BSN.2015.7299405
81667 Miinchen (DE) [retrieved on 2015-10-15]

* Zotes, Mario Alejandro
81669 Miinchen (DE)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 029 435 B1 2

Description
Technical Field

[0001] Embodiments according to the present applica-
tion related to a blood pressure monitoring device and a
method for adaptive blood pressure monitoring.

Background

[0002] Allknown non-invasive blood pressure monitor-
ing methods have pros and cons specially related to ac-
curacy, occlusiveness (e.g., occlusive, semi-occlusive or
none-occlusive nature of the method), portability/ambu-
latory and form factor, see Fig. 1. Today, there exist
Sphygmomanometer based on an oscillometric method,
see Figs. 1, 2a and 2b, or an auscultatory method, see
Figs. 1, 3a and 3b. Both methods are accurate and oc-
clusive type. Due to the methods being of the occlusive
type, they are not compatible with continuous blood pres-
sure monitoring. After a couple of hours, the accuracy
decreases and the discomfort of the patient increases.
Oscillometric methods are also not suitable for over-night
monitoring, since the periodic inflation of the cuffinduces
frequent awakenings from sleep. Pulse wave velocity is
non-occlusive, but sensitive to arm movement and needs
calibration on wrist, see Figs. 1 and 4. For the Pulse Wave
Velocity (PWV) method exist different implementations
combining optical, ultrasonic or radar with an electrocar-
diogram. A tonometric method is semi-occlusive mainly
for mean artery pressure monitoring and known to be
less accurate but suitable for some use cases. No method
was acceptable from accuracy point of view and also able
to cover different use cases like continuous monitoring
during sleep, during office activities or during outdoor ac-
tivities like cycling. Blood pressure (BP) values can rap-
idly change in response to physical activity, emotions and
stress. Hence, itis crucial to alert the user to obtain timely
interventions.

[0003] The document US2014012147A1 relates to
methods and apparatuses for continuous non-invasive
blood pressure (CNIBP) measurement. The methods
and apparatuses monitor features of pulse waves in a
subject and initiate recalibration when the monitored fea-
tures differ from corresponding reference features in a
stored template.

[0004] Therefore, it is desired to get a concept which
improves a blood pressure monitoring accuracy, im-
proves an ambulatory compliance and/or enables a long-
term monitoring.

Summary

[0005] It has been realized that one problem encoun-
tered when trying to improve blood pressure monitoring
devices stems from the fact that occlusive methods are
accurate but not suitable for continuous long-term blood
pressure monitoring. This difficulty is overcome by de-
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termining reference data based on first measurement da-
ta obtained in an occlusive or semi-occlusive manner at
aninitializing of a blood pressure monitoring interval, e.g.,
to correct second measurement data obtained in a non-
occlusive manner during the blood pressure monitoring
interval. The inventors found, that it is advantageous to
combine an occlusive or semi-occlusive measurement
and a non-occlusive measurementin one blood pressure
monitoring device and to mainly use the non-occlusive
measurement of blood volume changes or pulse wave
changes to obtain current measurement data. This is
based on the idea that a high accuracy can be achieved
for a determination of blood pressure values during the
blood pressure monitoring interval, if this determination
is based on the second measurement data obtained by
non-occlusively measuring blood volume changes and if
this determination is based on reference data determined
based on first measurement data obtained by occlusively
or semi-occlusively measuring blood pressure values. To
achieve a high accuracy, it is not necessary to continu-
ously measure blood pressure values in an occlusive or
semi-occlusive manner. Instead it is sufficient to obtain
the first measurement data by occlusively or semi-occlu-
sively, e.g. oscillometrically or tonometrically, measuring
blood pressure values once at the initialization of the
blood pressure monitoring interval to determine the ref-
erence data and then use this reference data during the
blood pressure monitoring interval. Due to the measuring
of the blood volume changes being non-occlusive, it is
possible to obtain the second measurement data contin-
uously during the blood pressure monitoring interval.
Thus, a highly accurate blood pressure monitoring device
can be implemented for long-term monitoring.

[0006] Accordingly, the invention is best summarized
by the appended claims.

[0007] An embodiment is related to a computer pro-
gram having a program code for performing, when run-
ning on a computer, a herein described method.

Brief Description of the Drawings

[0008] The drawings are not necessarily to scale; em-
phasis instead generally being placed upon illustrating
the principles of the present application. In the following
description, various embodiments of the present appli-
cation are described with reference to the following draw-
ings, in which:

Fig. 1 shows known blood pressure monitoring
methods;

Fig.2a  shows diagrams illustrating an oscillometric
method;

Fig. 2b  shows schematically an application of an os-
cillometric method;

Fig. 3a  shows an auscultatory method in detail;

Fig. 3b  shows schematically an application of an aus-
cultatory method;

Fig. 4 shows a pulse wave measurement;
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Fig. 5 shows schematically a blood pressure moni-
toring device, according to an embodiment;
shows schematically details of a controller of
ablood pressure monitoring device, according
to an embodiment;

shows schematically a blood pressure moni-
toring device with an inflatable cuff, according
to an embodiment;

shows diagrams illustrating the principle of an
oscillometric method;

shows schematically a blood pressure moni-
toring device with two inflatable cuffs, accord-
ing to an embodiment;

shows schematically an adaptive blood pres-
sure monitoring device, according to an em-
bodiment;

shows schematically a blood pressure moni-
toring device with five sensors, according to
an embodiment;

shows a block diagram of a method for blood
pressure monitoring, according to an embod-
iment;

shows a predetermined position of a blood
pressure monitoring device during calibration,
according to an embodiment; and

shows a diagram illustrating advantages of a
blood pressure monitoring device, according
to an embodiment, with respect to known im-
plementations.

Fig. 6

Fig. 7

Fig. 8

Fig. 9

Fig. 10

Fig. 11

Fig. 12

Fig. 13

Fig. 14

Detailed Description of the Embodiments

[0009] Equal or equivalent elements or elements with
equal or equivalent functionality are denoted in the fol-
lowing description by equal or equivalent reference nu-
merals even if occurring in different figures.

[0010] In the following description, a plurality of details
is set forth to provide a more throughout explanation of
embodiments of the present invention. However, it will
be apparent to those skilled in the art that embodiments
of the present invention may be practiced without these
specific details. In other instances, well-known structures
and devices are shown in block diagram form rather than
in detail in order to avoid obscuring embodiments of the
present invention. In addition, features of the different
embodiments described herein after may be combined
with each other, unless specifically noted otherwise.
[0011] Fig. 5 shows a blood pressure monitoring de-
vice 100, comprising a first sensor 110, a second sensor
120 and a controller 130. This monitoring device is not
in accordance with the claimed invention, but merely de-
scribed since it is useful to understand the invention.
[0012] The first sensor 110 is configured to obtain first
measurement data 112 by occlusively 114a or semi-oc-
clusively 114b measuring blood pressure values, e.g., at
an extremity of a person and/or mammal, and the second
sensor 120 is configured to obtain second measurement
data 122 by non-occlusively measuring 124 blood vol-
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ume changes, e.g., pulse wave changes based on blood
volume changes, e.g., in a body of the person and/or
mammal.

[0013] The first sensor 110 might be a gauge pressure
sensor. Thus, a high SNR (signal to noise ratio) can be
achieved and the blood pressure monitoring device 100
might achieve a performance of an auscultatory method.
[0014] The first sensor 110 might be configured to ob-
tain the first measurement data 112 by semi-occlusively
114b, tonometrically measuring the blood pressure val-
ues, i.e. by semi-occlusively 114b measuring, in a tono-
metric manner. The first sensor 110, for example, is con-
figured to obtain the first measurement data 112 by semi-
occlusively 114b and tonometrically measuring the blood
pressure values. The first sensor 110 might be integrated
in an inflatable cuff, so that the first sensor 110 can be
pressed against tissue of a person or mammal, during
the measurement, without causing occlusion.

[0015] Alternatively, oradditionally, the firstsensor 110
might be configured to obtain the first measurement data
112 by occlusively 114a, oscillometrically measuring the
blood pressure values, i.e. by occlusively 114a measur-
ing, in an oscillometric manner. The first sensor 110, for
example, is configured to obtain the first measurement
data 112 by occlusively 114a and oscillometrically meas-
uring the blood pressure values.

[0016] The second sensor 120 might be a photop-
lethysmographic sensor. According to an embodiment,
the second sensor 120 is configured to measure 124 the
blood volume changes using light (opto), radar or ultra-
sound. Optionally, the second sensor 120 is configured
to measure 124 the blood volume changes, additionally
or alternatively, by measuring an electrocardiogram.
[0017] In case of the second sensor 120 being a pho-
toplethysmographic sensor, the controller 130 might also
be configured to determine heart rate estimates. When
a conventional dual-wavelength photoplethysmographic
sensor is used as second sensor 120, oxygen saturation
might be extracted as additional monitoring parameter.
[0018] According to an embodiment, the second sen-
sor represents a sensor unit comprising two or more sen-
sors. In case the sensor unit, e.g., comprises a photop-
lethysmographic sensor and a sensor configured to
measure an electrocardiogram, the controller might be
configured to obtain a pulse wave velocity as the second
measurement data.

[0019] The controller 130, i.e. a processing means, is
configuredto initialize 140, see 140, to 1404, and conduct
a blood pressure monitoring interval 142, see 142, to
142,. When initializing 140 the blood pressure monitoring
interval 142, the controller 130 is configured to achieve
the first measurement data 112 from the first sensor 110
and to determine 132 reference data 134 for the second
sensor 120 based on the first measurement data 112,
e.g., using a reference data determination unit. During
the blood pressure monitoring interval 142, the controller
130 is configured to achieve the second measurement
data 122 from the second sensor 120. Additionally, the
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controller 130 is configured to determine 136 blood pres-
sure values 138 during the blood pressure monitoring
interval 142 based on the second measurement data 122
and the reference data 134, e.g., using a blood pressure
value determination unit.

[0020] The controller 130, for example, is configured
to initialize 140 the blood pressure monitoring interval
142 by instructing the first sensor 110 to obtain the first
measurement data 112 and optionally by instructing the
second sensor 120 to start a sequence of pulse wave
changes measurements or blood volume changes meas-
urements. According to an embodiment, the controller
130 enables, atthe initialization 140 of the blood pressure
monitoring interval 142, the first sensor 110 to occulsively
114a or semi-occulsively 114b measure the blood pres-
sure values during an initialization time interval. Option-
ally, the controller 130 enables the second sensor 120
to start obtaining the second measurement data 122 par-
allel to the first sensor 110 and to continue obtaining the
second measurement data 122 after an end of the initial-
ization time interval. According to an alternative option,
the controller 130 enables the second sensor 120 to start
obtaining the second measurement data 122 at the end
of the initialization time interval.

[0021] The blood pressure monitoring interval 142
might be understood as a blood pressure monitoring se-
quence, e.g., conducted by the second sensor 120 to
obtain the second measurement data 122. The controller
130, for example, is configured to conduct the blood pres-
sure monitoring interval 142 by instructing the second
sensor 120 to conduct a sequence, i.e. the blood pres-
sure monitoring sequence, of non-occlusive measure-
ments, e.g., of pulse wave changes or of blood volume
changes, to obtain the second data 122. The sequence
of non-occlusive measurements or a duration of the se-
quence of non-occlusive measurements might define the
blood pressure monitoring interval 142. The second
measurement data 122 might represent real time data.

[0022] Accordingto an embodiment, the reference da-
ta 134 might be used by the controller 130 for verifying
the second measurement data 122.

[0023] According to an embodiment, the reference da-
ta 134 determined 132 by the controller 130 might be
understood as calibration data. The second measure-
ment data 122 might be rendered, e.g. corrected, based
on the reference data 134. The controller 130 might be
configured to use the reference data 134 to calibrate the
second sensor 120.

[0024] Accordingtoan embodiment, the controller 130
might be configured to model an algorithm using the ref-
erence data 134 and use the modeled algorithm to render
the second measurement data 122 to determine 136 the
blood pressure values 138, e.g., to estimate the blood
pressure values 138.

[0025] Accordingtoanembodiment, the controller 130
is configured to update 150, see 1504 to 1505, the refer-
ence data 134 when initializing 140, to 140, a new blood
pressure monitoring interval 142, to 142, by achieving
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new first measurement data 112 from the first sensor 110
and by determining 132 the reference data 134 for the
second sensor 120 based on the new first measurement
data 112. The controller 130 might instruct/trigger the
first sensor 110 to obtain the new first measurement data
112. The controller might be configured to determine 132,
for each of consecutive blood pressure monitoring inter-
vals 142, the reference data 134 based on first measure-
ment data 112 obtained when initializing the respective
blood pressure monitoring interval 142. The reference
data 134 obtained for the individual blood pressure mon-
itoring intervals 142 might differ among each other. How-
ever, itis possible that reference data 134 of two or more
blood pressure monitoring intervals 142 might be equal
to each other.

[0026] According to anembodiment, the controller 130
is configured to trigger the initialization 140 of the new
blood pressure monitoring interval 142 periodically, as
shown in Fig. 5. A time duration of a blood pressure mon-
itoring interval 142 might be pre-defined, e.g. 1 hour, 1
day or 1 week, and the controller 130 might be configured
to trigger the initialization 140 of the new blood pressure
monitoring interval at an end of a current blood pressure
monitoring interval, e.g., a second blood pressure mon-
itoring interval 142, is initialized 140, directly at the end
of a first blood pressure monitoring interval 142,.
[0027] According to an alternative embodiment, shown
in Fig. 6, the controller 130 might be configured to obtain
representative second measurement data 150, e.g., us-
ing a representative second measurement data determi-
nation unit 152 and trigger the initialization 140 of the
new blood pressure monitoring interval 142 in case of a
deviation 160, between current second measurement
data 122 obtained from the second sensor 120 during
the current blood pressure monitoring interval 142 and
the representative second measurement data 150, ex-
ceeding a predetermined threshold 162.

[0028] The controller 130, e.g., is configured to obtain
the representative second measurement data 150 out of
a data bank 154.

[0029] Alternatively, the controller 130 might be con-
figured to determine, based on second measurement da-
ta 122a, e.g. reference second measurement data, ob-
tained from the second sensor 120, the representative
second measurement data 150. According to an embod-
iment, the controller 130 is configured to achieve the sec-
ond measurement data 122a from the second sensor
120 during the initialization time interval described above.
The controller 130, for example, is configured to deter-
mine a mean of the second measurement data 122a as
the representative second measurement data 150. Op-
tionally, the controller 130 is configured to render the sec-
ond measurement data 122a using the reference data
134 to obtain the representative second measurement
data 150.

[0030] The representative second measurement data
150 might be determined/obtained once for a sequence
of multiple blood pressure monitoring intervals 142 or for
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each of consecutive blood pressure monitoring intervals
142.

[0031] The controller 130 might be configured to de-
termine the deviation 160, between the current second
measurement data 122 obtained from the second sensor
120 during the current blood pressure monitoring interval
142 and the representative second measurement data
150. In case of the deviation 160 not exceeding the pre-
determined threshold 162, the controller 130 is config-
ured to continue conducting the current blood pressure
monitoring interval 142, e.g., by determining 136 the
blood pressure values 138 and achieving further second
measurement data 122 from the second sensor 120. In
case of the deviation 160 exceeding the predetermined
threshold 162, the controller 130 is configured to initialize
140 a new blood pressure monitoring interval 142.
[0032] The predetermined threshold 162 might define
a deviation of +/-5%, +/-10% or +/-15% from the repre-
sentative second measurement data 150.

[0033] In other words, the controller 130 of a blood
pressure monitoring device 100, see Fig. 5, mightbe con-
figured to initialize 140 a new blood pressure monitoring
interval 142 in an alert situation, e.g., in case of too much
drift of the second measurement data 122. The prede-
termined threshold 162 might indicate a maximal drift of
the second measurement data 122. Thus, the controller
is configured to intermittently, e.g., sporadically, trigger
the first sensor 110 for achieving the first measurement
data, i.e. only in case of initialization of a new blood pres-
sure monitoring interval 142. A duration of a blood pres-
sure monitoring interval 142 is thus given by the time
from initializing the blood pressure monitoring interval
142 until initializing a new blood pressure monitoring in-
terval 142 due to a deviation exceeding the predeter-
mined threshold 162. Thus, consecutive blood pressure
monitoring intervals 142 might have different durations.
[0034] Fig. 7 shows a schematic embodiment of a
blood pressure monitoring device 100, which can com-
prise features and/or functionalities as described with re-
gard to Figs. 5 and/or 6. This monitoring device is not in
accordance with the claimed invention, but merely de-
scribed since itis useful for understanding the invention.
[0035] The blood pressure monitoring device 100,
shown in Fig. 7, comprises a first inflatable cuff 170 com-
prising the first sensor 110.

[0036] The first sensor 110 is configured to obtain first
measurement data 112 by occlusively 114a, oscillomet-
rically measuring the blood pressure values, i.e. by oc-
clusively 114a and oscillometrically measuring the blood
pressure values. In other words, the first sensor 110
might be configured to obtain the first measurement data
112 by occlusively 114a measuring, in an oscillometric
manner, the blood pressure values.

[0037] Accordingtoanembodiment, the controller 130
is configured to conduct the occlusively 114a, oscillom-
etrically measuring of blood pressure values by inflating
172 the first inflatable cuff 170 up to a predetermined
pressure 174, and venting 176 gradually the first inflata-
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ble cuff 170 and instructing the first sensor 110 to simul-
taneously measure oscillations in cuff-pressure, i.e. an
oscillation pressure pattern, to obtain the first measure-
ment data 112, see Fig. 7 and Fig. 8. In other words, the
first sensor 110, is activated by the controller parallel to
the venting 176, i.e. the controller 130 is configured to
instruct the first sensor 110 to simultaneously to the vent-
ing 176 measure oscillations in cuff-pressure.

[0038] As shown in Fig. 8 (Source: ht-
tps://doi.org/10.1371/journal.pone.0216538.g001), the
oscillation pressure pattern reflects typical deduction
points in blood pressure (BP) measurements. With the
first major oscillation 180 marking the systolic (sys) BP,
the amplitude further rises until the maximum peak 182
(mean arterial pressure, MAP). The following decrease
ends with the last major oscillation amplitude 184 as the
diastolic (dia) BP point.

[0039] Returning back to Fig. 7, the controller 130 is,
forexample, configured to achieve the first measurement
data 112 from the first sensor 110 and to determine the
reference data for the second sensor 120 based on at
least two measurement points of the measured oscilla-
tions in cuff-pressure, e.g., based on the first major os-
cillation 180 marking the systolic blood pressure value
and based on the last major oscillation amplitude 184
marking the diastolic blood pressure value, as shown in
Fig. 8. This enables a calibration of an offset and a sen-
sitivity for systolic and diastolic blood pressures for the
second sensor 120.

[0040] Fig. 9 shows a schematic embodiment of an
alternative blood pressure monitoring device 100, which
is according to the invention and comprises additionally
to the first inflatable cuff 170, comprising the first sensor
1104 and the second sensor 120, as shown in Fig. 7, a
third sensor 110, configured to obtain third measurement
data 112, by occlusively 114a, oscillometrically measur-
ing blood pressure values, and a second inflatable cuff
170, comprising the third sensor 110,. The blood pres-
sure monitoring device 100, shown in Fig. 9, might com-
prise features and/or functionalities as described with re-
gard to Figs. 5 to 8.

[0041] The controller 130 is configured to achieve the
first measurement data 112, from the first sensor 110,
and to achieve the third measurement data 112, from
the third sensor 112, and to determine 132 the reference
data 134 for the second sensor 120 based on the first
measurement data 112, and the third measurement data
112, wheninitializing 140 the blood pressure monitoring
interval 142. The controller 130 might enable, at the ini-
tialization 140 of the blood pressure monitoring interval
142, the first sensor 1104 and the third sensor 110, to
occlusively 114a, oscillometrically measure 114 the
blood pressure values during an initialization time inter-
val.

[0042] According to an embodiment, the controller
130, shown in Fig. 9, is configured to conduct the occlu-
sively 114a, oscillometrically measuring of blood pres-
sure values by simultaneously inflating 172 the first in-
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flatable cuff 170, and the second inflatable cuff 170, up
to a predetermined pressure 174, and

simultaneously venting 176 gradually the first inflatable
cuff 170, and the second inflatable cuff 170, and instruct-
ing the first sensor 1104 and the third sensor 110, to
simultaneously, e.g., simultaneously to the venting 176,
measure oscillations in cuff-pressure to obtain the first
measurement data 112, and the third measurement data
112,, compare Fig. 8. In other words, the first inflatable
cuff 1704 and the second inflatable cuff 170, are vented
parallel, at the same time, and the first sensor 110, and
the third sensor 110, are activated by the controller par-
allel to the venting 176.

[0043] According to an embodiment, the controller
130, shown in Fig. 9, is configured to achieve the first
measurement data 112, from the first sensor 110, and
to achieve the third measurement data 112, from the
third sensor 110, and to determine 132 the reference
data 134 for the second sensor 120 based on at least
two measurement points of the measured oscillations in
cuff-pressure of the first measurement data 112, and
based on at least two measurement points of the meas-
ured oscillations in cuff-pressure of the third measure-
ment data 112, when initializing the blood pressure mon-
itoring interval. For example, the first major oscillation
180 marking the systolic blood pressure value and the
last major oscillation amplitude 184 marking the diastolic
blood pressure value, are considered as two measure-
ment points, compare Fig. 8. This enables a calibration
of an offset and a sensitivity for systolic and diastolic
blood pressures for the second sensor 120.

[0044] As shown in Fig. 9, the second sensor 120 is
positioned laterally between the first inflatable cuff 170,
and the second inflatable cuff 170,. This means that the
first inflatable cuff 1704, the second sensor 120 and the
second inflatable cuff 170, are arranged in this order next
to each other in the same plane, e.g., an xy-plane. The
firstinflatable cuff 1704, for example, is positioned on one
side, e.g., one the right side, of the second sensor 120
and the second inflatable cuff 170, is positioned on an
opposite side, e.g., on the left side, of the second sensor
120.

[0045] According to an embodiment, the first sensor
110, and/or the third sensor 110, are/is a gauge pressure
sensor.

[0046] The two cuffs, i.e. the first inflatable cuff 170,
and the second inflatable cuff 170,, three sensors, i.e.
the first sensor 1104, the second sensor 120 and the third
sensor 110,, solution will differentiate between mus-
cles/ligament movement and blood pressure waves and
improve accuracy of BPM, e.g., by suppressing pressure
spikes due to muscle movements.

[0047] Theblood pressure monitoring device 100 com-
poses of a main sensor, i.e. the second sensor 120 (pho-
toplethysmographic sensor, radar, ultrasounds or ECG),
able to measure blood volume changes, surrounded by
a couple of inflatable cuffs 1704 and 170,, able to meas-
ure pressure changes. The former might enable contin-
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uous non-obstructive monitoring, while the latter might
be responsible for obtaining reference calibration data,
i.e. the reference data 134.

[0048] Specifically, the pair of cuffs 1704 and 170, rep-
licates an occlusive 114a measuring, in an oscillometric
manner, for accurate BP estimate. The whole ABPM
(adaptive blood pressure monitoring) system, i.e. the
blood pressure monitoring device 100, uses the data
measured from the oscillometric method (ground truth)
to tune parameters of an algorithm responsible for re-
turning a continuous beat-to-beat BP estimate from the
second measurement data 122 obtained by the non-ob-
structive method, i.e. by the central sensor, the second
sensor 120. Doing so, the accuracy of the oscillometric
method is mapped into the continuous measurement for
reliable and real-time information about patient condi-
tions.

[0049] In Fig. 9, the blood pressure monitoring device
100, for example, is illustrated at an arm 300 with a blood
vessel 310. Inside the blood vessel 310, for example,
exists laminar flow 320 of blood and blood turbulences
330. Itis to be noted that alternatively the blood pressure
monitoring device 100 can be positioned at a different
position of a person or mammal, e.g., at a different ex-
tremity of a person or mammal.

[0050] According to an embodiment, shown in Fig. 10,
the blood pressure monitoring device 100 might be con-
figured to work in two or more modes. This implementa-
tion might be used by any aforementioned blood pressure
monitoring device 100.

[0051] Additionally, to a normal mode 190 described
above, the blood pressure monitoring device 100 is op-
tionally configured to work in a sleep mode 192. The con-
troller 130 is configured to determine 136, in the sleep
mode 192, the blood pressure values 138 during the
blood pressure monitoring interval 142 based on the sec-
ond measurement data 120 and the reference data 134
using a processing means 200 to correct a sleep bias.
The processing means 200, e.g., is at least partially im-
plemented in software, e.g. representing an algorithm.
The processing means 200 might be configured to in-
crease blood pressure values, e.g., to compensate for a
subsidence of blood pressure values due to a sleeping
position of a person or mammal using the blood pressure
monitoring device 100. Thus, a self-calibration PWV BP
for sleeping mode is provided.

[0052] During sleeping position, the blood pressure es-
timates, i.e. the blood pressure values 138, do not provide
typical results. The body is elevated and the resulting
estimates are lowered. Nevertheless, this estimated bias
can be modelled and, thus, corrected via the estimate
algorithms, i.e. the processing means 200.

[0053] Additionally to the normalmode 190 and option-
ally additionally to the sleep mode 192, the blood pres-
sure monitoring device 100 is optionally configured to
work in a MAP (mean arterial pressure) mode 194,
wherein the controller 130 is configured achieve, in the
MAP mode 194, the first measurement data 112 from the
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first sensor 110 during the blood pressure monitoring in-
terval 142, and determine 136 blood pressure values
138 during the blood pressure monitoring interval 142,
based on the first measurement data 112. Thus, in the
MAP mode 194, the first sensor 110 is activated during
the complete blood pressure monitoring interval 1425 and
not only at the initialization time interval, as for the normal
mode 190 and the sleep mode 192.

[0054] In the MAP mode 194, the second sensor 120
might be deactivated during the blood pressure monitor-
inginterval 142, ormightbe additionally activated parallel
to the first sensor 110 to improve the accuracy of the
determined blood pressure values 138. In case of an ac-
tivated second sensor 120, the controller 130 might be
configured to determine 136 the blood pressure values
138 during the blood pressure monitoring interval 142,
based on the first measurement data 112 and the second
measurement data 122.

[0055] Accordingtoanembodiment, the controller 130
is configured to determine 136, in the MAP mode 194,
systolic and diastolic blood pressure values based on the
first measurement data 112. The systolic and diastolic
blood pressure values can be extracted by algorithm
processing steps.

[0056] The blood pressure monitoring device 100,
shown in Fig. 10, enables an adaptive and non-invasive
continuous blood pressure monitoring, e.g., depending
on a situation in which the blood pressure monitoring
device 100 is used, the best mode, i.e. the normal mode
190, the sleep mode 192 or the MAP mode 194, for the
respective situation can be selected and executed by the
blood pressure monitoring device 100. As shown in Fig.
14, such an adaptive and non-invasive continuous blood
pressure monitoring 500 is advantageous compared to
known blood pressure monitoring methods due to a high
clinical compliance and a high ambulatory compliance.
[0057] The system can be set in sleeping BP monitor,
i.e. in sleep mode 192, when only non-occlusive BPM
(blood pressure monitoring) is acceptable. For outdoor
activities like hiking or cycling the ABPM can be set as
non-occlusive mode and monitor MAP by using oscillo-
metric method, i.e. for outdoor activities it is possible to
choose between the normal mode 190 and the MAP
mode 194.

[0058] Although Fig. 10 shows an own first sensor 110
for the MAP mode, this is only for illustration purposes
to prevent an obscuring illustration of the principle and it
is clear that the measurement is performed by the same
first sensor 110 illustrated for the normal mode 190 and
the sleep mode 192.

[0059] Fig. 11, shows an embodiment of the blood
pressure monitoring device 100 with the first inflatable
cuff 170, and the second inflatable cuff 170, differing
from the blood pressure monitoring device 100, shown
in Fig. 9, by comprising four sensors 1104 to 1104 con-
figured to obtain measurement data by occlusively 114a,
oscillometrically measuring blood pressure values,
based on which measurement data the controller 130
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(not shown in Fig. 11) is configured to determine 132 the
reference data 134. Each of the two inflatable cuffs 170
comprises two of the sensors 110, e.g., the firstinflatable
cuff 1704 comprises the sensors 1104 and 110, and the
second inflatable cuff 170, comprises the sensors 1104
and 110,4. The second sensor 120 is positioned laterally
between the first inflatable cuff 170, and the second in-
flatable cuff 170,, i.e. surrounded by the sensors 110.
[0060] The blood pressure monitoring device 100 pre-
sented herein might be for a non-invasive blood pressure
monitoring at an extremity of a person or mammal. This
might be realized by a wearable, e.g., a wristband or a
watch, comprising the blood pressure monitoring device
100. This is due to the small form factor and a low power
consumption, whereby the blood pressure monitoring de-
vice 100 is suitable for smartwatch integration.

[0061] Fig. 12 shows a method 400 for blood pressure
monitoring, comprising occlusively or semi-occlusively
measuring 410 blood pressure values using a first sensor
to obtain first measurement data and non-occlusively
measuring 430 blood volume changes using a second
sensor to obtain second measurement data. The method
400 comprises initializing and conducting a blood pres-
sure monitoring interval by achieving the first measure-
ment data from the first sensor and determining 420 ref-
erence data for the second sensor based on the first
measurement data when initializing the blood pressure
monitoring interval, achieving the second measurement
data from the second sensor during the blood pressure
monitoring interval, and determining 440 blood pressure
values during the blood pressure monitoring interval
based on the second measurement data and the refer-
ence data.

[0062] Optionally, the method 400 comprises using a
herein described blood pressure monitoring device 100
comprising the first sensor 110 and the second sensor
120, wherein the method 400 comprises positioning the
blood pressure monitoring device 100 in a predetermined
position 450 at an initializing of the blood pressure mon-
itoring interval, e.g., as shown in Fig. 13. The method
400 might provide instructions via the blood pressure
monitoring device 100 to the patient to position the blood
pressure monitoring device 100 into the predetermined
position 450.

[0063] During calibration, i.e. during the initialization
time interval, the blood pressure monitoring device 100
isto be placed atthe same level as the heart of the patient,
i.e. a person or mammal, since blood pressure highly
depends on body positions (see Figure 13 for test posi-
tion). The blood pressure monitoring device 100 and/or
the method 400 might trigger periodic reminders when
calibration is required, in order to keep the calibration
parameters, i.e. the reference data 134 updated while
compensating for aging (e.g. optical power reduction) or
physiological effects (e.g., changes in BMI).

[0064] The calibration might be required at the startup
of the blood pressure monitoring device 100 and/or the
method 400 as well as every time the system triggers an
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alarm, see Fig. 6. This will allow recalibration points over
time, maintaining the original accuracy.

[0065] Although some aspects have been described
in the context of an apparatus, it is clear that these as-
pects also represent a description of the corresponding
method, where a block or device corresponds to a meth-
od step or a feature of a method step. Analogously, as-
pects described in the context of a method step also rep-
resent a description of a corresponding block or item or
feature of a corresponding apparatus.

[0066] The inventive algorithm to determine 136 the
blood pressure values 138 and/or to perform the sleep
bias correction 200 can be stored on a digital storage
medium or can be transmitted on a transmission medium
such as a wireless transmission medium or a wired trans-
mission medium such as the Internet.

[0067] Depending on certain implementation require-
ments, embodiments of the invention can be implement-
ed in hardware or in software. The implementation can
be performed using a digital storage medium, for exam-
ple a floppy disk, a DVD, a CD, a ROM, a PROM, an
EPROM, an EEPROM or a FLASH memory, having elec-
tronically readable control signals stored thereon, which
cooperate (or are capable of cooperating) with a pro-
grammable computer system such that the respective
method is performed.

[0068] Some embodiments according to the invention
comprise a data carrier having electronically readable
control signals, which are capable of cooperating with a
programmable computer system, such that one of the
methods described herein is performed.

[0069] Generally, embodiments of the present inven-
tion can be implemented as a computer program product
with a program code, the program code being operative
for performing one of the methods when the computer
program product runs on a computer. The program code
may for example be stored on amachine readable carrier.
[0070] Other embodiments comprise the computer
program for performing one of the methods described
herein, stored on a machine readable carrier.

[0071] The above described embodiments are merely
illustrative for the principles of the present invention. Itis
understood that modifications and variations of the ar-
rangements and the details described herein will be ap-
parentto others skilled in the art. Itis the intent, therefore,
to be limited only by the scope of the impending patent
claims and not by the specific details presented by way
of description and explanation of the embodiments here-
in.

Claims
1. Blood pressure monitoring device (100), comprising:
a first sensor (110; 1104) configured to obtain

first measurement data (112; 1124) by occlu-
sively (114a), oscillometrically measuring blood
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pressure values,

a second sensor (120) configured to obtain sec-
ond measurementdata (122) by non-occlusively
measuring (124) blood volume changes,

a third sensor (110,) configured to obtain third
measurementdata (112,) by occlusively (114a),
oscillometrically measuring (114) blood pres-
sure values,

a controller (130) configured to initialize (140)
and conduct a blood pressure monitoring inter-
val (142), wherein the controller (130) is config-
ured

- to achieve the first measurement data
(112; 1124) from the first sensor (110; 1104)
and to achieve the third measurement data
(112,) from the third sensor (110,) and to
determine (132) reference data (134)forthe
second sensor (120) based on the first
measurementdata (112; 112,) and the third
measurement data (112,) when initializing
(140) the blood pressure monitoring interval
(142),

- to achieve the second measurement data
(122) from the second sensor (120) during
the blood pressure monitoring interval
(142), and

- to determine (136) blood pressure values
(138) during the blood pressure monitoring
interval (142) based on the second meas-
urement data (122) and the reference data
(134),

a first inflatable cuff (170; 1704) comprising the
first sensor (110; 1104), and

a second inflatable cuff (170,) comprising the
third sensor (110,),

wherein the second sensor (120) is positioned
laterally between the first inflatable cuff (170;
1704) and the second inflatable cuff (170,).

2. Blood pressure monitoring device (100) according
to claim 1, wherein the controller (130) is configured
to update the reference data (134) when initializing
(140) anew blood pressure monitoring interval (142)
by achieving new firstmeasurementdata (112; 112)
from the first sensor (110; 110,) and by determining
the reference data (134) for the second sensor (120)
based on the new first measurement data (112;
1124).

3. Blood pressure monitoring device (100) according
to claim 2, wherein the controller (130) is configured
to trigger the initialization (140) of the new blood
pressure monitoring interval (142) periodically.

4. Blood pressure monitoring device (100) according
to claim 2, wherein the controller (130) is configured
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to obtain representative second measurement data
(150), and

initialize (140) the new blood pressure monitoring
interval (142) in case of a deviation (160), between
current second measurement data (122) obtained
from the second sensor (120) during the blood pres-
sure monitoring interval (142) and the representative
second measurement data (150), exceeding a pre-
determined threshold (162).

Blood pressure monitoring device (100) according
to one of claims 1 to 4, wherein the controller (130)
is configured to conduct the occlusively (114a), os-
cillometrically measuring (114) of blood pressure
values by

Inflating (172) the first inflatable cuff (170; 170,)
up to a predetermined pressure (174), and
venting (176) gradually the first inflatable cuff
(170; 1704) and instructing the first sensor (110;
110,) to simultaneously measure oscillations in
cuff-pressure to obtain the first measurement
data (112; 112,).

Blood pressure monitoring device (100) according
to claim 5, wherein the controller (130) is configured
to achieve the first measurement data (112; 112,)
from the first sensor (110; 1104) and to determine
(132) the reference data (134) for the second sensor
(120) based on at least two measurement points
(180, 184) of the measured oscillations in cuff-pres-
sure.

Blood pressure monitoring device (100) according
to one of claims 1 to 6, wherein the controller (130)
is configured to conduct the occlusively (114a), os-
cillometrically measuring (114) of blood pressure
values by

simultaneously inflating (172) the first inflatable
cuff (170; 1704) and the second inflatable cuff
(170,) up to a predetermined pressure (174),
and

simultaneously venting (176) gradually the first
inflatable cuff (170; 1704) and the second inflat-
able cuff (170,) and instructing the first sensor
(110; 1104) and the third sensor (110,) to simul-
taneously measure oscillations in cuff-pressure
to obtain the first measurement data (112; 112,)
and the third measurement data (112,).

Blood pressure monitoring device (100) according
to claim 7, wherein the controller (130) is configured
to achieve the first measurement data (112; 112,)
from the first sensor (110; 110,) and to achieve the
third measurement data (112,) from the third sensor
(110,) and to determine (132) the reference data
(134) for the second sensor (120) based on at least
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10.

1.

12.

13.

14.

15.

two measurement points (180, 184) of the measured
oscillations in cuff-pressure of the first measurement
data (112; 112,) and based on at least two meas-
urement points (180, 184) of the measured oscilla-
tions in cuff-pressure of the third measurement data
(112,) when initializing (140) the blood pressure
monitoring interval (142).

Blood pressure monitoring device (100) according
to one of claims 1 to 8, wherein the first sensor (110;
110,) and/or the third sensor (110,) are/is a gauge
pressure sensor.

Blood pressure monitoring device (100) according
to one of claims 1 to 9,

wherein the second sensor (120) is a photop-
lethysmographic sensor and/or

wherein the second sensor (120) is configured
to measure the blood volume changes using ra-
dar or ultrasound and/or

wherein the second sensor (120) is configured
to measure the blood volume changes by meas-
uring an electrocardiogram.

Blood pressure monitoring device (100) according
to one of claims 1 to 10, configured to work in a sleep
mode (192), wherein the controller (130) is config-
ured to determine, in the sleep mode (192), the blood
pressure values during the blood pressure monitor-
inginterval (142) based on the second measurement
data (122) and the reference data (134) using a
processing means (200) to correct a sleep bias.

Blood pressure monitoring device (100) according
to one of claims 1 to 11, configured to work in a MAP
mode (194), wherein the controller (130) is config-
ured achieve, in the MAP mode (194), the first meas-
urement data (112; 112,) from the first sensor (110;
1104) during the blood pressure monitoring interval
(142) and to determine (136) blood pressure values
(138) during the blood pressure monitoring interval
(142) based on the first measurement data (112;
1124).

Blood pressure monitoring device (100) according
to claim 12, wherein the controller (130) is configured
to determine, in the MAP mode (194), systolic and
diastolic blood pressure values based on the first
measurement data (112; 112,).

Blood Pressure Monitoring device (100) according
to one of claims 1 to 13, for a non-invasive blood
pressure monitoring at an extremity of a person.

Method (400) for blood pressure monitoring, com-
prising:
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occlusively (114a), oscillometrically measuring
(410) blood pressure values using a first sensor
(110; 1104) to obtain first measurement data
(112; 112y),

non-occlusively measuring (430; 124) blood vol-
ume changes using a second sensor (120) to
obtain second measurement data (122),
occlusively (114a), oscillometrically measuring
(114) blood pressure values using a third sensor
(110,) to obtain third measurement data (112,)
initializing (140) and conducting a blood pres-
sure monitoring interval (142) by

- achieving the firstmeasurementdata (112;
112,) from the first sensor (110; 1104) and
achieving the third measurement data
(112,) from the third sensor (110,) and de-
termining (420; 132) reference data (134)
for the second sensor (120) based on the
first measurementdata (112; 1124) and the
third measurement data (112,) when initial-
izing (140) the blood pressure monitoring
interval (142),

- achieving the second measurement data
(122) from the second sensor (120) during
the blood pressure monitoring interval
(142), and

- determining (440; 136) blood pressure val-
ues during the blood pressure monitoring
interval (142) based on the second meas-
urement data (122) and the reference data
(134)

wherein the firstsensor (110; 1104) is comprised
by a first inflatable cuff (170; 170,),

wherein the third sensor (110,) is comprised by
a second inflatable cuff (170,), and

wherein the second sensor (120) is positioned
laterally between the first inflatable cuff (170;
170,4) and the second inflatable cuff (170,).

16. Method (400) of claim 15, using a blood pressure

monitoring device (100) comprising the first sensor
(110; 1104) and the second sensor (120), wherein
the method (400) comprises positioning the blood
pressure monitoring device (100) in a predetermined
position (450) at an initializing (140) of the blood
pressure monitoring interval (142).

17. A computer program for determining the blood pres-

sure values in the method of one of claims 15 and 16.

Patentanspriiche

Blutdruckiiberwachungsvorrichtung (100), die fol-
gende Merkmale aufweist:
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einen ersten Sensor (110; 1104), der dazu kon-
figuriert ist, durch okklusives (114a), oszillome-
trisches Messen von Blutdruckwerten erste
Messdaten (112; 1124) zu erhalten,

einen zweiten Sensor (120), der dazu konfigu-
riert ist, durch nicht-okklusives Messen (124)
von Blutvolumenanderungen zweite Messdaten
(122) zu erhalten,

einen dritten Sensor (110,), der dazu konfigu-
riert ist, durch okklusives (114a), oszillometri-
sches Messen (114) von Blutdruckwerten dritte
Messdaten (112,) zu erhalten,

eine Steuerung (130), die dazu konfiguriert ist,
ein Blutdruckiiberwachungsintervall (142) zu in-
itialisieren (140) und durchzufiihren, wobei die
Steuerung (130) konfiguriert ist zum:

Erhalten der ersten Messdaten (112; 112,)
von dem ersten Sensor (110; 1104) und Er-
halten der dritten Messdaten (1125) von
dem dritten Sensor (110,) und Bestimmen
(132) von Referenzdaten (134) fir den
zweiten Sensor (120) basierend auf den
ersten Messdaten (112; 112,) und den drit-
ten Messdaten (112,), wenn das Blutdruck-
Uberwachungsintervall (142) initialisiert
wird (140),

Erhalten der zweiten Messdaten (122) von
dem zweiten Sensor (120) wahrend des
Blutdruckiberwachungsintervalls (142)
und

Bestimmen (136) von Blutdruckwerten
(138) wahrend des Blutdruckiberwa-
chungsintervalls (142) basierend auf den
zweiten Messdaten (122) und den Refe-
renzdaten (134),

eine erste aufblasbare Manschette (170; 170,),
die den ersten Sensor (110; 110,) aufweist und
eine zweite aufblasbare Manschette (170,), die
den dritten Sensor (110,) aufweist,

wobei der zweite Sensor (120) seitlich zwischen
derersten aufblasbaren Manschette (170; 170,)
und der zweiten aufblasbaren Manschette
(170,) positioniert ist.

Blutdruckiiberwachungsvorrichtung (100) geman
Anspruch 1, bei der die Steuerung (130) dazu kon-
figuriert ist, die Referenzdaten (134) zu aktualisie-
ren, wenn ein neues Blutdruckiiberwachungsinter-
vall (142) initialisiert wird (140) durch Erhalten neuer
erster Messdaten (112; 1124) von dem ersten Sen-
sor (110; 1104) und durch Bestimmen der Referenz-
daten (134) fiir den zweiten Sensor (120) basierend
auf den neuen ersten Messdaten (112; 112,).

Blutdruckiiberwachungsvorrichtung (100) geman
Anspruch 2, bei der die Steuerung (130) dazu kon-
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figuriert ist, die Initialisierung (140) des neuen Blut-
druckiiberwachungsintervalls  (142) regelmaRig
auszuldsen.

Blutdruckiiberwachungsvorrichtung (100) geman
Anspruch 2, bei der die Steuerung (130) dazu kon-
figuriert ist, reprasentative zweite Messdaten (150)
zu erhalten und

das neue Blutdruckiiberwachungsintervall (142) zu
initialisieren (140) im Fall einer Abweichung (160)
zwischen aktuellen zweiten Messdaten (122), die
von dem zweiten Sensor (120) wahrend des Blut-
druckiiberwachungsintervalls (142) erhalten wer-
den, und den reprasentativen zweiten Messdaten
(150), die einen vorbestimmten Schwellenwert (162)
Uberschreiten.

Blutdruckiiberwachungsvorrichtung (100) geman
einem der Anspriiche 1 bis 4, bei der die Steuerung
(130) dazu konfiguriert ist, das okklusive (114a), os-
zillometrische Messen (114) von Blutdruckwerten
durchzufiihren durch

Aufblasen (172) der ersten aufblasbaren Man-
schette (170; 1704) bis zu einem vorbestimmten
Druck (174) und

allmahliches Entliften (176) der ersten aufblas-
baren Manschette (170; 1704) und Anweisen
des ersten Sensors (110; 1104), gleichzeitig Os-
zillationen in dem Manschettendruck zu mes-
sen, um die ersten Messdaten (112; 1124) zu
erhalten.

Blutdruckiiberwachungsvorrichtung (100) geman
Anspruch 5, bei der die Steuerung (130) dazu kon-
figuriert ist, die ersten Messdaten (112; 112,) von
dem ersten Sensor (110; 1104) zu erhalten und die
Referenzdaten (134) fir den zweiten Sensor (120)
basierend auf zumindest zwei Messpunkten (180,
184) der gemessenen Oszillationen in dem Man-
schettendruck zu bestimmen (132).

Blutdruckiiberwachungsvorrichtung (100) geman
einem der Anspriiche 1 bis 6, bei der die Steuerung
(130) dazu konfiguriert ist, das okklusive (114a), os-
zillometrische Messen (114) von Blutdruckwerten
durchzufiihren durch

gleichzeitiges Aufblasen (172) der ersten auf-
blasbaren Manschette (170; 1704) und der zwei-
ten aufblasbaren Manschette (170,) bis zu ei-
nem vorbestimmten Druck (174) und

gleichzeitiges allmahliches Entliften (176) der
ersten aufblasbaren Manschette (170; 170,)
und der zweiten aufblasbaren Manschette
(170,) und Anweisen des ersten Sensors (110;
1104) und des dritten Sensors (110,), gleichzei-
tig Oszillationen in dem Manschettendruck zu
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messen, um die ersten Messdaten (112; 1124)
und die dritten Messdaten (112,) zu erhalten.

Blutdruckiiberwachungsvorrichtung (100) geman
Anspruch 7, bei der die Steuerung (130) dazu kon-
figuriert ist, die ersten Messdaten (112; 112) von
dem ersten Sensor (110; 1104) zu erhalten und die
dritten Messdaten (112,) von dem dritten Sensor
(110,) zu erhalten und die Referenzdaten (134) fur
den zweiten Sensor (120) basierend auf zumindest
zwei Messpunkten (180, 184) der gemessenen Os-
zillationen in einem Manschettendruck der ersten
Messdaten (112; 112,) und basierend auf zumindest
zwei Messpunkten (180, 184) der gemessenen Os-
zillationen in dem Manschettendruck der dritten
Messdaten (112,) zu bestimmen, wenn das Blut-
druckliiberwachungsintervall (142) initialisiert wird
(140).

Blutdruckiiberwachungsvorrichtung (100) geman
einem der Anspriiche 1 bis 8, bei der der erste Sen-
sor (110; 1104) und/oder der dritte Sensor (110,) ein
Uberdrucksensor ist.

Blutdruckiiberwachungsvorrichtung (100) geman
einem der Anspriiche 1 bis 9,

bei der der zweite Sensor (120) ein photople-
thysmografischer Sensor ist und/oder

wobei der zweite Sensor (120) dazu konfiguriert
ist, die Blutvolumenanderungen unter Verwen-
dung von Radar oder Ultraschall zu messen
und/oder

wobei der zweite Sensor (120) dazu konfiguriert
ist, die Blutvolumenanderungen durch Messen
eines Elektrokardiogramms zu messen.

Blutdruckiiberwachungsvorrichtung (100) geman
einem der Anspriiche 1 bis 10, die dazu konfiguriert
ist, in einem Schlafmodus (192) zu arbeiten, wobei
die Steuerung (130) dazu konfiguriert ist, in dem
Schlafmodus (192) die Blutdruckwerte wahrend des
Blutdruckiiberwachungsintervalls (142) basierend
aufden zweiten Messdaten (122) und den Referenz-
daten (134) zu bestimmen, unter Verwendung einer
Verarbeitungseinrichtung (200), um eine Schlafver-
zerrung zu korrigieren.

Blutdruckiiberwachungsvorrichtung (100) geman
einem der Anspriiche 1 bis 11, die dazu konfiguriert
ist, in einem MAD-Modus (194) zu arbeiten, wobei
die Steuerung (130) dazu konfiguriert ist, in dem
MAD-Modus (194) die ersten Messdaten (112; 112,)
von dem ersten Sensor (110; 110,) wéhrend des
Blutdruckiiberwachungsintervalls (142) zu erhalten
und Blutdruckwerte (138) wahrend des Blutdrucki-
berwachungsintervalls (142) basierend auf den ers-
ten Messdaten (112; 112,) zu bestimmen (136).
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Blutdruckiiberwachungsvorrichtung (100) geman
Anspruch 12, bei der die Steuerung (130) dazu kon-
figuriert ist, in dem MAD-Modus (194 ) basierend auf
den ersten Messdaten (112; 112,) systolische und
diastolische Blutdruckwerte zu bestimmen.

Blutdruckiiberwachungsvorrichtung (100) geman
einem der Anspriiche 1 bis 13 fiir eine nicht-invasive
Blutdruckiiberwachung an einer Extremitat einer
Person.

Verfahren (400) zum Blutdruckiberwachen, das fol-
gende Schritte aufweist:

okklusives (114a), oszillometrisches Messen
(140) von Blutdruckwerten unter Verwendung
eines ersten Sensors (110; 1104), um erste
Messdaten (112; 112,) zu erhalten,
nicht-okklusives Messen (430; 124) von Blutvo-
lumenanderungen unter Verwendung eines
zweiten Sensors (120), um zweite Messdaten
(122) zu erhalten,

okklusives (114a), oszillometrisches Messen
(114) von den Blutdruckwerten unter Verwen-
dung eines dritten Sensors (110,), um dritte
Messdaten (112,) zu erhalten,

Initialisieren (140) und Durchfiihren eines Blut-
druckiiberwachungsintervalls (142) durch

Erhalten der ersten Messdaten (112; 112,)
von dem ersten Sensor (110; 1104) und Er-
halten der dritten Messdaten (1125) von
dem dritten Sensor (110,) und Bestimmen
(132) von Referenzdaten (134) fir den
zweiten Sensor (120) basierend auf den
ersten Messdaten (112; 112,) und den drit-
ten Messdaten (112,), wenn das Blutdruck-
Uberwachungsintervall (142) initialisiert
wird (140),

Erhalten der zweiten Messdaten (122) von
dem zweiten Sensor (120) wahrend des
Blutdruckiiberwachungsintervalls (142)
und

Bestimmen (136) von Blutdruckwerten
(138) wahrend des Blutdruckiberwa-
chungsintervalls (142) basierend auf den
zweiten Messdaten (122) und den Refe-
renzdaten (134),

wobei der erste Sensor (110; 1104) in einer ers-
ten aufblasbaren Manschette (170; 170,) ent-
halten ist,

wobei der dritte Sensor (110,) in einer zweiten
aufblasbaren Manschette (170,) enthalten ist
und

wobei der zweite Sensor (120) seitlich zwischen
der ersten aufblasbaren Manschette (170;1704)
und der zweiten aufblasbaren Manschette
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(170,) positioniert ist.

Verfahren (400) gemafR Anspruch 15, das eine Blut-
druckiiberwachungsvorrichtung (100) verwendet,
die den ersten Sensor (110; 1104) und den zweiten
Sensor (120) aufweist, wobei das Verfahren (400)
bei einem Initialisieren (140) des Blutdruckiiberwa-
chungsintervalls (142) ein Positionieren der Blut-
druckiiberwachungsvorrichtung (100) in einer vor-
bestimmten Position (450) aufweist.

Ein Computerprogramm zum Bestimmen der Blut-
druckwerte bei dem Verfahren gemaf einem der An-
spriiche 15 und 16.

Revendications

1.

Dispositif (100) de contréle de la pression sanguine,
comprenant :

un premier capteur (110 ; 1104) configuré pour
obtenir une premiére donnée (112 ; 112,) de
mesure en mesurant occlusivement (114a) os-
cillométriquement des valeurs de la pression
sanguine,

un deuxieme capteur (120) configuré pour ob-
tenir une deuxiéme donnée (122) de mesure en
mesurant (124) non occlusivement des change-
ments de volume du sang,

un troisieme capteur (110,) configuré pour ob-
tenir une troisieme donnée (112,) de mesure en
mesurant (114) occlusivement (114a) oscillo-
métriguement des valeurs de la pression san-
guine,

une unité (130) de commande configurée pour
initialiser (140) et conduire un intervalle (142)
de contrble de la pression sanguine, dans lequel
I'unité (130) de commande est configurée

- pour obtenir la premiere donnée (112 ;
112,) de mesure du premier capteur (110 ;
1104) et pour obtenir la troisieme donnée
(112,) de mesure du troisieme capteur
(110,) et pour déterminer (132) une donnée
(134) de référence pour le deuxieme cap-
teur (120) surla base de la premiére donnée
(112; 112,) de mesure et de la troisieme
donnée (112,) de mesure lors de l'initialisa-
tion (140) de lintervalle (142) de contréle
de la pression sanguine,

- pour obtenir la deuxiéme donnée (122) de
mesure du deuxiéme capteur (120) pendant
l'intervalle (142) de contréle de la pression
sanguine, et

- pour déterminer (136) des valeurs (138)
de la pression sanguine pendantl'intervalle
(142) de contréle de la pression sanguine
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sur la base de la deuxieme donnée (122)
de mesure et de la donnée (134) de réfeé-
rence,

un premier coussin (170 ; 170,) gonflable com-
prenant le premier capteur (110 ; 110,), et

un deuxiéme coussin (170,) gonflable compre-
nant le troisiéme capteur (110,),

dans lequel le deuxieme capteur (120) est en
position latéralement entre le premier coussin
(170 ; 170,) gonflable et le deuxiéme coussin
(170,) gonflable.

Dispositif (100) de contrdle de la pression sanguine
suivant la revendication 1, dans lequel I'unité (130)
de commande est configurée pour mettre a jour la
donnée (134) de référence lors de linitialisation
(140) d’'un nouvel intervalle (142) de contrdle de la
pression sanguine en obtenantune nouvelle premie-
re donnée (112 ; 112,) de mesure du premier cap-
teur (110 ; 1104) et en déterminant la donnée (134)
de référence pour le deuxieme capteur (120) sur la
base de la nouvelle premiére donnée (112 ; 112,)
de mesure.

Dispositif (100) de contrdle de la pression sanguine
suivant la revendication 2, dans lequel I'unité (130)
de commande est configurée pour déclencher pé-
riodiqguementinitialisation (140) du nouvelintervalle
(142) de controle de la pression sanguine.

Dispositif (100) de contrdle de la pression sanguine
suivant la revendication 2, dans lequel I'unité (130)
de commande est configurée pour obtenir une
deuxiéme donnée (150) de mesure représentative et
initialiser (140) le nouvel intervalle (142) de contréle
de la pression sanguine dans le cas d’un écart (160),
entre une deuxiéme donnée (122) de mesure en
cours obtenue a partir du deuxiéme capteur (120)
pendant I'intervalle (142) de contréle de la pression
sanguine et la deuxiéme donnée (150) de mesure
représentative excédant un seuil (162) déterminé a
I'avance.

Dispositif (100) de contrdle de la pression sanguine
suivant I'une des revendications 1 a 4, dans lequel
I'unité (130) de commande est configurée pour con-
duire la mesure (114) occlusivement (114a) oscillo-
métriguement de valeurs de la pression de la san-
guine en

gonflant (172) le premier coussin (170 ; 1704)
gonflable jusqu’a une pression (174) détermi-
née a l'avance et

vidant (176) peu a peu le premier coussin (170 ;
1704) gonflable et donnant instruction au pre-
mier capteur (110 ; 1104) de mesurer simulta-
nément des oscillations de la pression dans le
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coussin pour obtenir la premiére donnée (112 ;
1124) de mesure.

Dispositif (100) de contrble de la pression sanguine
suivant la revendication 5, dans lequel l'unité (130)
de commande est configurée pour obtenir la premié-
re donnée (112 ; 112,) de mesure du premier cap-
teur (110 ; 1104) et pour déterminer (132) la donnée
(134) de référence pour le deuxieme capteur (120)
sur la base d’au moins deux points (180, 184) de
mesure des oscillations mesurées de la pression
dans le coussin.

Dispositif (100) de contrble de la pression sanguine
suivant I'une des revendications 1 a 6, dans lequel
I'unité (130) de commande est configurée pour con-
duire la mesure (114) occlusivement (114a) oscillo-
métriquement de valeurs de la pression sanguine en
gonflant (172) simultanément le premier coussin
(170 ; 1704) gonflable et le deuxiéme coussin (170,)
gonflable jusqu’a une pression (174) déterminée a
I'avance, et vidant (176) simultanément peu a peu
le premier coussin (170; 1704) gonflable et le
deuxiéme coussin (170,) gonflable et donnant ins-
truction au premier capteur (110 ; 1104) et au troi-
sieme capteur (110,) de mesurer simultanément des
oscillations de la pression dans le coussin pour ob-
tenir la premiére donnée (112 ; 112;) de mesure et
la troisiéme donnée (112,) de mesure.

Dispositif (100) de contrble de la pression sanguine
suivant la revendication 7, dans lequel l'unité (130)
de commande est configurée pour obtenir la premié-
re donnée (112 ; 112,) de mesure du premier cap-
teur (110 ; 110,) et pour obtenir la troisi€me donnée
(112,) de mesure du troisiéme capteur (110,) et pour
déterminer (132) la donnée (134) de référence pour
le deuxieme capteur (120) sur la base d’au moins
deux points (180, 184) de mesure des oscillations
mesurées de la pression dans le coussin de la pre-
miere donnée (112 ; 112,) de mesure et sur la base
d’au moins deux points (180, 184) de mesure des
oscillations mesurées de la pression dans le coussin
de la troisitme donnée (112,) de mesure lors de
I'initialisation (140) de I'intervalle (142) de controle
de la pression sanguine.

Dispositif (100) de contrble de la pression sanguine
suivant I'une des revendications 1 a 8, dans lequel
le premier capteur (110 ; 1104) et/ou le troisiéme
capteur (110,) est / sont un capteur de la pression
au manomeéetre.

Dispositif (100) de contrble de la pression sanguine
suivant I'une des revendications 1 a 9, dans lequel
le deuxiéme capteur (120) est un capteur photoplé-
thysmographique et/ou dans lequel le deuxieme
capteur (120) est configuré pour mesurer les chan-
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14.

15.
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gements de volume du sang en utilisant un radar ou
des ultrasons et/ou

dans lequel le deuxiéme capteur (120) est configuré
pour mesurer des changements du volume du sang
en mesurant un électrocardiogramme.

Dispositif (100) de contrdle de la pression sanguine
suivant 'une des revendications 1 a 10, configuré
pour travailler dans un mode (192) dormant, dans
lequel l'unité (130) de commande est configurée
pour déterminer, dans le mode (192) dormant, les
valeurs de la pression sanguine pendant l'intervalle
(142) de contrdle de la pression sanguine sur la base
de la deuxieme donnée (122) de mesure et de la
donnée (134) de référence en utilisant un moyen
(200) de traitement pour corriger un biais de dor-
mant.

Dispositif (100) de contréle de la pression sanguine
suivant 'une des revendications 1 a 11, configuré
pour travailler dans un mode (194) MAP, dans lequel
I'unité (130) de commande est configurée pour ob-
tenir, dans le mode (194) MAP, la premiére donnée
(112; 112,) de mesure du premier capteur (110 ;
1104) pendant lintervalle (142) de contrble de la
pression sanguine et pour déterminer (136) des va-
leurs (138) de la pression sanguine pendant I'inter-
valle (142) de contréle de la pression sanguine sur
la base de la premiére donnée (112 ; 112,) de me-
sure.

Dispositif (100) de contrdle de la pression sanguine
suivant la revendication 12, dans lequel I'unité (130)
est configurée pour déterminer, dans le mode (194)
MAP, des valeurs de la pression sanguine systolique
et diastolique sur la base de la premiére donnée
(112 ; 1124) de mesure.

Dispositif (100) de contrdle de la pression sanguine
suivant'une des revendications 1 a 13, pour un con-
tréle non invasif de la pression sanguine a une ex-
trémité d’'une personne.

Procédé (400) de contrdle de la pression sanguine,
comprenant :

mesurer (410) occlusivement (114a) oscillomé-
triquement des valeurs de la pression sanguine
en utilisant un premier capteur (110 ; 1104) pour
obtenir une premiére donnée (112 ; 112,) de
mesure,

mesurer (430 ; 124) non occlusivement des
changements de volume du sang en utilisant un
deuxiéme capteur (120) pour obtenir une
deuxiéme donnée (122) de mesure,

mesurer (114) occlusivement (114a) oscillomé-
triquement des valeurs de la pression sanguine
en utilisant un troisieme capteur (110,) pour ob-
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17.
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tenir une troisieme donnée (112,) de mesure,
initialiser (140) et conduire un intervalle (142)
de contréle de la pression sanguine en

- obtenant la premiére donnée (112 ; 112,)
de mesure du premier capteur (110 ; 110,)
et obtenant la troisieme donnée (112,) de
mesure du troisi€me capteur (110,) et dé-
terminant (420 ; 132) une donnée (134) de
référence pour le deuxiéme capteur (120)
sur la base de la premiére donnée (112 ;
112,) de mesure et de la troisiéme donnée
(112,) de mesure lors de l'initialisation (140)
de lintervalle (142) de contrble de la pres-
sion sanguine,

- obtenant la deuxiéme donnée (122) de
mesure du deuxiéme capteur (120) pendant
l'intervalle (142) de contrble de la pression
sanguine et

- déterminant (440 ; 136) des valeurs de la
pression sanguine pendant [lintervalle
(142) de contréle de la pression sanguine
sur la base de la deuxieme donnée (122)
de mesure et de la donnée (134) de réfé-
rence,

dans lequel le premier capteur (110 ; 110) est
renfermé par un premier coussin (170 ; 1704)
gonflable,

dans lequel le troisieme capteur (110,) est ren-
fermé par un deuxiéme coussin (170,) gonfla-
ble, et

dans lequel le deuxiéme capteur (120) est en
position latéralement entre le premier coussin
(170 ; 170,) gonflable et le deuxiéme coussin
(170,) gonflable.

Procédé (400) suivant la revendication 15, utilisant
un dispositif (100) de contrle de la pression sangui-
ne comprenant le premier capteur (110 ; 1104) etle
deuxieme capteur (120), dans lequel le procédé
(400) comprend mettre le dispositif (100) de controle
de la pression sanguine dans une position (450) dé-
terminée a I'avance lors d’une initialisation (140) de
I'intervalle (142) de contrdle de la pression sanguine.

Programme d’ordinateur pour déterminer les valeurs
de la pression sanguine dans le procédé suivant
I'une des revendications 15 et 16.
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